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Abstract—The synthesis and receptor binding of novel adenosine receptor antagonists is described. We found that non-xanthine
4-phenyl-2-(phenylcarboxamido)-1,3-thiazole derivatives may have high affinity and substantial selectivity for the adenosine A

receptor. © 2001 Elsevier Science Ltd. All rights reserved.

Extracellular adenosine regulates several physiological
functions by activation of specific cell membrane recep-
tors. There are four adenosine receptor subclasses
defined, A;, A>a, Aog and Aj. Since the first reports on
the adenosine A; receptor,!-? efforts have been made to
identify ligands for this receptor. The first A; receptor
antagonists were xanthine derivatives, such as theo-
phylline (1, Fig. 1). Since then, a variety of different
classes of heterocyclic compounds has been descri-
bed to possess antagonistic activity at adenosine
receptors, including xanthines, adenines, 7-deazaade-
nines, 7-deaza-8-azapurines, pyrazolo[3,4-c]quinolines,
pyrazolo-[1,5-o]pyridines and 1,8-naphthyridines.>~!!
Isoquinoline and quinazoline derivatives from our
laboratory also displayed high affinity for the adenosine
(A and Aj) receptors, in particular when a spacer-cou-
pled aromatic group was attached to the core ring
system.!>”'4 With the recent synthesis of a series of
(3-phenyl)-1,2,4-thiadiazoles, another new class of het-
erocyclic compounds as adenosine receptor antagonists
was developed.!”> N-(3-Phenyl-1,2,4-thiadiazol-5-yl)-4-
methoxybenzamide (3, LUF 5417) displayed similar
adenosine Aj; receptor affinity as N-(3-phenylisoquino-
lin-1-yl)-4-methoxybenzamide (2, Fig. 2). However,
compound 3 displayed a significant increase in affinity for
the adenosine A; receptor, rendering 3 essentially non-
selective. N-(4-Phenylthiazol-2-yl)-4-methoxybenzamide
(4, LUF 5433, Fig. 2),'¢ a single compound included in
the study described,'® showed a 9-fold selectivity for the
adenosine A receptor.
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In the present study, we synthesised a series of 4-phenyl-(2-
phenylcarboxamido)-1,3-thiazole derivatives as potential
antagonists for the adenosine A; receptor on the basis
of these findings. The synthesis of the substituted 4-
phenyl-2-(phenylcarboxamido)-1,3-thiazoles 17-26 was
achieved by a condensation reaction of 2-amino-4-
phenyl-1,3-thiazole (5) with the appropriate acylchlor-
ide (6-16) yielding the corresponding amide-spaced
compounds (Scheme 1). The HBr salt of 2-amino-4-
phenyl-1,3-thiazole (193 mg, 0.7 mmol) was dissolved in
dioxane (3mL) and Et3N (195uL). To this mixture the
appropriate acylchloride (1.07mmol) in I mL dioxane
was added and the solution was refluxed overnight.
After cooling to room temperature the mixure was
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filtered, concentrated under vacuo and purified by
column chromatography. The target compounds were
obtained in high yields.!”

All compounds were tested in radioligand binding
assays to determine their affinities for the adenosine A;
receptor in rat brain cortex, the A,5 receptor in rat
striatum and the human Aj receptor as expressed in
HEK 293 cells (Table 1). Displacement experiments
were performed in the absence of GTP. The procedures
used have been described in detail previously.!®~2° Table
1 and binding data of the earlier mentioned series of
thiadiazoles (3)!° show that the 1,3-thiazole derivatives
(17-26) have similar adenosine A, receptor affinities as
their thiadiazole congeners. However, their A receptor
selectivity was increased significantly (Table 1). The
unsubstituted 4-phenyl-2-(phenylcarboxamido)-1,3-thia-
zole (17)'¢ showed affinities in the micromolar range at
the adenosine A,5 and Aj receptor, while having high
affinity for the A receptor. Introduction of a methyl
group (22)'¢ did not influence adenosine receptor affi-
nities, whereas a fert-butyl group (23) or a tri-
fluoromethyl group (24) decreased the affinity for the
adenosine A receptor. The stronger electron-donating
methoxy analogue (4) increased adenosine A,o and Aj
receptor affinity and thus has decreased adenosine A;
receptor selectivity. Introduction of a halogen atom was
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Table 1. Affinities of 4-phenyl-2-(phenylcarboxamido)-1,3-thiazole
derivatives (Scheme 1) at adenosine A, A, and Aj; receptors expres-
sed as K; values (nM £SEM, n=3) or percentage displacement

K; (nM) or % displacement

No Rl RZ R} Ala,e AZAb,e Asc‘f
4 H H OCH; 76+£8%  1900+£500¢ 67041004
17 H H H 3943 21% 42%
18 H Cl H 86+1 3% 42%
19 H H Br 33+4 14% 58%
20 H H Cl 18+3 15% 63%
21 H H NO, 2244 9% 35%
22 H H CH; 36+7 13% 66%
23 H H C(CHsy); 1360£80 2% 27%
24 H H CF; 165+9 0% 18%
25 H Cl Cl 59+8 6% 20%
26 Cl H Cl 58+7 17% 22%

aDisplacement of [PH]DPCPX from rat cortical membranes.?®

®Displacement of [?H]ZM241385 from rat striatal membranes.'®
Displacement of [')[JAB MECA from the human A; receptor
expressed in HEK 293 cells.

dData obtained from van Muijlwijk et al.'

¢%Displacement at 10 pM.

fosDisplacement at 1 M.

more favorable at the para-position (19, 20)!° than at the
meta-position (18)%! for high adenosine A receptor affi-
nity. The 3.4-dichloro (25) and 2,4-dichloro (26) analo-
gues showed affinities comparable to that of the
unsubstituted compound (17). 2-[(4-Nitrophenyl)carbox-
amido]-4-phenyl-1,3-thiazole (21)!® and 2-[(4-chloro-
phenyl)carboxamido]-4-phenyl-1,3-thiazole (20) had the
highest affinity for the adenosine A receptor (K; values of
22 and 18 nM, respectively). Their selectivity for adeno-
sine A; versus Aj receptors was approximately 50-fold.

Thus, in summary, the 4-phenyl-2-(phenylcarbox-
amido)-1,3-thiazole derivatives constitute a class of
novel high affinity adenosine A; receptor antagonists.
Furthermore, these compounds display higher A selec-
tivity compared to similar series previously described.
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